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In this Letter we analyse, in the context of the general 2-Higgs Doublet Model, the structure of the 
Yukawa matrices, ˜Yq1,2, by assuming a four-zero texture ansatz for their deﬁnition. In this framework, we 
obtain compact expressions for ˜Yq1,2, which are reduced to the Cheng and Sher ansatz with the difference 
that they are obtained naturally as a direct consequence of the invariants of the fermion mass matrices. 
Furthermore, in order to avoid large ﬂavour violating effects coming from charged Higgs exchange, we 
consider the main ﬂavour constraints on the off-diagonal terms of Yukawa texture 
(
χ˜
q
j
)
kl
(k = l). We 
perform a χ2-ﬁt based on current experimental data on the quark masses and the Cabibbo–Kobayashi–
Maskawa mixing matrix VCKM. Hence, we obtain the allowed ranges for the parameters Y˜
q
1,2 at 1σ for 
several values of tanβ . The results are in complete agreement with the bounds obtained taking into 
account constraints on Flavour Changing Neutral Currents reported in the literature.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
Now that a Higgs particle has been discovered at the Large 
Hadron Collider (LHC) [1–3], with properties in very good accor-
dance with the minimal version of Standard Model (SM) [4–6], it 
becomes important to look for extensions of the Higgs sector be-
yond the SM structure that contain a neutral Higgs boson similar 
to the one found at the CERN machine. One of the most restric-
tive experimental results on extensions of the SM is that Flavour 
Changing Neutral Currents (FCNCs) must be controlled. The highly 
experimental suppression for FCNCs should be a test for models 
with more than one Higgs multiplet. In particular, in the 2-Higgs 
Doublet Model (2HDM) [7–9], FCNCs could be avoided through a 
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SCOAP3.discrete symmetry Z2. It is well known that there are several ver-
sions of this model, known as Type I, II, X and Y (2HDM-I [10,
11], 2HDM-II [12], 2HDM-X and 2HDM-Y [13–18]) or inert [19–22]. 
The most general version of the 2HDM contains non-diagonal 
fermionic couplings in the scalar sector implying the generation 
of unwanted FCNCs. Different ways to suppress FCNCs have been 
developed, giving rise to a variety of speciﬁc implementations of 
the 2HDM [23–27]. In particular, as it is done in Ref. [28], it is 
possible to analyse the Yukawa matrices through the quark sector 
phenomenology. The Cheng and Sher ansatz [29] has been suc-
cessfully used to describe the Yukawa couplings. Several Yukawa 
textures proposed in literature [30,31] have yielded the right de-
scription of the Yukawa couplings depending on fermion masses.
In this paper, we are interested in the Yukawa sector in the 
context of the general version of the 2HDM considering a four-
zero texture fermionic mass matrix [30,31]. This Yukawa texture 
has been studied in Refs. [32–36], which obtained interesting phe-
nomenological results in both charged and neutral Higgs sectors. 
In this framework, we propose an alternative way to determine  under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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trix elements, taking into account the main ﬂavour physics con-
straints. Besides, considering the current experimental data on 
the quarks masses and the elements of the Cabibbo–Kobayashi–
Maskawa (CKM) matrix, we compute the Yukawa matrices through 
a χ2-ﬁt over the 
(
χ˜qj
)
kl
parameters. We extract the allowed 
ranges for 
(
χ˜
q
j
)
kl
as a function of tanβ for each like-2HDM (i.e., 
each of the aforementioned types). The Cheng and Sher struc-
ture of the Yukawa couplings is obtained as a natural feature of 
our fermion mass matrices invariant. Finally, the allowed ranges 
for the parameters 
(
χ˜
q
j
)
kl
are in accordance with those given in 
Refs. [37–39].
2. The Yukawa sector in the 2HDM-III with a four-zero Yukawa 
texture
The Yukawa Lagrangian for the quark ﬁelds is given by:
LY =
2∑
j=1
(
Yuj Q¯ L˜ juR + Ydj Q¯ L jdR
)
+ h.c., (1)
where  j = (φ+j , φ0j )T , denoting the Higgs doublets as ˜ j =
iσ2∗j , and Y
q
j with q = u, d are the 3 × 3 complex Yukawa ma-
trices [40]. The Yukawa Lagrangian in Eq. (1) has a great deal of 
free parameters associated with the Yukawa interactions and ﬁve 
Higgs bosons, two of them charged (H±), two neutral CP-even 
(scalar) ones (h0 and H0, in increasing order of mass) and one 
neutral CP-odd (pseudoscalar) state (A0). The mechanism through 
which the FCNCs are controlled deﬁnes the version of the model 
and the speciﬁc emerging phenomenology that can be contrasted 
with experiments. Before we discuss how FCNCs are controlled in 
the 2HDM though, we analyse the mass matrix. In ﬂavour space, 
the mass matrix, in general, can be written as
Mq = 1√
2
(
v1 Y
q
1 + v2 Yq2
)
, q = u,d, (2)
where v1,2 are the Vacuum Expectation Values (VEVs) of the two 
Higgs doublet ﬁelds. There is no physical restriction on the struc-
ture of the mass matrix beyond the fact that the quark masses 
of different families differ by several orders of magnitude. Conse-
quently, there is no restriction on either Yukawa matrix. The mass 
matrices Mq are diagonalised by a biunitary transformation [41],
UqLMqU
†
qR =
1√
2
(
v1 Y˜
q
1 + v2 Y˜q2
)=q, (3)
where q = diag
{
mq1,mq2,mq3
}
and Y˜qj = UqLYqjU†qR ( j = 1, 2). 
This transformation connects the ﬂavour space and the mass space. 
Taking v2 = v21 + v22 = (246.22 GeV)2 and tanβ = v2v1 [8,42], we 
have(
q
)
kl = v cos β√2
[ (˜
Yq1
)
kl + tanβ
(˜
Yq2
)
kl
]
, (4)
where k, l = 1, 2, 3. One can see that the off-diagonal elements of 
the Yukawa matrices in mass space, Y˜qj , obey the following rela-
tion:(˜
Yq1
)
kl = − tanβ
(˜
Yq2
)
kl , k = l. (5)
Furthermore, if we require tanβ to be real and positive deﬁnite [8,
40], the arguments 
(
ϕ
q
j
)
kl
= arg
(˜
Yqj
)
kl
with j = 1, 2 must satisfy:(
ϕ
q) = (2n + 1)π + (ϕq) , k = l. (6)1 kl 2 klThe condition in Eq. (5) means that the off-diagonal elements of 
the Yukawa matrices in mass space are parallel or anti-parallel 
in the complex plane. In other words, the phases of the off-
diagonal elements of the Yukawa matrices are (anti)aligned. In the 
SM Eq. (5) is trivially satisﬁed, because there exists an alignment 
between the mass matrix and the corresponding Yukawa matrix. 
In all 2HDM realisations (Type I, II, X and Y), wherein a discrete 
symmetry Z2 is imposed, one of the Yukawas is zero. This im-
plies an alignment between the mass matrix and the correspond-
ing Yukawa one. In the Aligned 2HDM (A-2HDM), both Yukawas 
are aligned in ﬂavour space, which in turn implies an alignment 
among the mass and Yukawa matrices. In the Minimal Flavour 
Violating 2HDM (MFV-2HDM), where a (non-discrete) ﬂavour sym-
metry is imposed, an alignment between the mass matrix and the 
corresponding Yukawa one is obtained too. In the 2HDM Type III 
(2HDM-III), with a particular texture form, Eq. (5) is satisﬁed by 
construction. In this paper we assume a hierarchical ansatz, which 
considers that the mass matrix and both Yukawa matrices Yqj pos-
sess the same structure. In particular, we use an Hermitian four-
zero texture form and the complete mass matrix inherent to this 
structure is:
Mq =
⎛⎝ 0 Cq 0C∗q B˜q Bq
0 B∗q Aq
⎞⎠
= v cosβ√
2
×
⎡⎣⎛⎝ 0 Cq1 0Cq ∗1 B˜q1 Bq1
0 Bq ∗1 A
q
1
⎞⎠+ tanβ
⎛⎝ 0 Cq2 0Cq ∗2 B˜q2 Bq2
0 Bq ∗2 A
q
2
⎞⎠⎤⎦ .
(7)
In the polar form, the off-diagonal elements of the matrices in 
Eq. (7) are: Cq = |Cq|eiφqc , Bq = |Bq|eiφ
q
b , Cqj = |Cqj |eiφ
q
cj , and Bqj =
|Bqj |eiφ
q
bj . The Hermitian mass matrices Mq can be written in terms 
of a real symmetric matrix M¯q and a diagonal matrix of phases 
Pq = diag
[
1, eiφ
q
c , ei
(
φ
q
b+φqc
)]
as follows:
Mq = P†qM¯qPq. (8)
The eigenvalues mqk , k = 1, 2, 3 , of the matrix M¯q are associated 
with the quark masses [43,44]. Now, the real symmetric matrix 
can be brought to a diagonal form by means of the following or-
thogonal transformation:
M̂q = Oq diag
[
m̂q1,−m̂q2,1
]
Oq , (9)
where m̂q1,q2 = mq1,q2/mq3 are the ratios of the quark masses, 
M̂q = M¯q/m3q are the normalised mass matrices and Oq are real 
orthogonal matrices. In the same way, the Yukawa matrices can be 
written in polar form as follows:
Yqj = Pq †j Y¯qjPqj , (10)
where Pqj = diag
[
1, eiφ
q
cj , e
i
(
φ
q
bj+φqcj
)]
and Y¯qj is a real symmetric 
matrix. Otherwise, the unitary matrices in Eq. (3) satisfy the con-
dition UqL = UqR = Uq and can be written as Uq = Oq Pq [43,44]. 
Since Eq. (9), one can obtain the following invariants of the real 
symmetric mass matrices: Tr
{
M̂q
}
, Tr
{
M̂2q
}
and Det
{
M̂q
}
, respec-
tively, given by
c2q aq = m̂q1 m̂q2, b˜q + aq = 1+ m̂q1 − m̂q2,
c2q + b2q − b˜qaq = m̂q1 m̂q2 − m̂q1 + m̂q2, (11)
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∣∣Bq∣∣/mq3, cq = ∣∣Cq∣∣/mq3. If 
we deﬁne aq = 1 − δq , the mass matrices M̂q can be parameterised 
as [43]:
M̂q =
⎛⎜⎜⎜⎜⎜⎜⎝
0
√
m̂q1m̂q2(
1−δq
) 0√
m̂q1m̂q2(
1−δq
) m̂q1 − m̂q2 + δq
√
δq(
1−δq
) fq1 fq2
0
√
δq(
1−δq
) fq1 fq2 1− δq
⎞⎟⎟⎟⎟⎟⎟⎠ , (12)
where fq1 =
(
1− m̂q1 − δq
)
and fq2 =
(
1+ m̂q2 − δq
)
. One can see 
from Eq. (7) that the quark mass matrix has six free parameters 
and using Eq. (11) we can ﬁx three of them, which can be the 
phases φqb , φ
q
c and the parameter δq . Using the strong hierarchy in 
the masses of the quark families, mq3 >>mq2 >mq1, we constrain 
1 − δq to be very close to unity. Keeping in mind this idea and 
following the analysis of Refs. [43,45,46], one can obtain the con-
straint 0 < δq < 1 −m̂1q . In this work the quark mass matrices have 
been normalised with respect to the heaviest quark mass. We con-
sider the mass quarks ratios because our results are more stable at 
the scale of Q =mH± when the running quark masses are consid-
ered [42,47]. The orthogonal real matrices Oq can also be written 
in terms of the eigenmasses ratios when M¯q is calculated, such as 
in Ref. [43]:
Oq =
⎛⎜⎜⎜⎜⎜⎜⎝
[
m̂q2 fq1
Dq1
] 1
2 −
[
m̂q1 fq2
Dq2
] 1
2
[
m̂q1m̂q2δq
Dq3
] 1
2
[
m̂q1
(
1−δq
)
fq1
Dq1
] 1
2
[
m̂q2
(
1−δq
)
fq2
Dq2
] 1
2
[ (
1−δq
)
δq
Dq3
] 1
2
−
[
m̂q1 fq2δq
Dq1
] 1
2 −
[
m̂q2 fq1δq
Dq2
] 1
2
[
fq1 fq2
Dq3
] 1
2
⎞⎟⎟⎟⎟⎟⎟⎠ , (13)
with
Dq1 =
(
1− δq
) (
m̂q1 + m̂q2
) (
1− m̂q1
)
, (14)
Dq2 =
(
1− δq
) (
m̂q1 + m̂q2
) (
1+ m̂q2
)
,
Dq3 =
(
1− δq
) (
1− m̂q1
) (
1+ m̂q2
)
.
When the Yukawa matrices are represented by a four-zero texture, 
these matrices in mass space have the following form:
Y˜qj =mq3Oq Qq †j Ŷqj QqjOq, (15)
where ̂Yqj = Y¯qj/mq3 is a real symmetric matrix normalised with re-
spect to the heaviest quark, and Qqj = PqjP†q =
diag
[
1, eiϕ
q
cj , e
i
(
ϕ
q
bj+ϕqcj
)]
with ϕqbj = φqbj − φqb and ϕqcj = φqcj − φqc
(these phases are the difference between phases coming from 
Yukawa and mass matrices). After some algebra, the matrices Y˜qj , 
Eq. (15), can now be written in the following compact and generic 
form:(
Y˜ qj
)
kl
=
√
mqkmql
v
(
χ˜
q
j
)
kl
, k, l = 1,2,3. (16)
These expressions correspond to the Cheng and Sher ansatz, which 
are obtained in previous works with others similar parameterisa-
tions [28,29,32]. The coeﬃcients χ˜qj are functions of the Yukawa 
matrix parameters Aqj , B
q
j , C
q
j , B˜
q
j (see Eq. (7)), and the mass ma-
trix parameter δq . We want to point out that the parameters χ˜
q
j
have an additional dependence on the charged Higgs boson mass 
when the couplings of the H± state with fermions are considered 
in the ﬂavour physics processes and the constraints for those pa-
rameters are obtained (see Refs. [37–39]). In order to determine the numerical value of these coeﬃcients for each quark sector, we 
have to know the values of m̂qj and δq at the scale Q = mH± for 
90 GeV ≤mH± ≤ 500 GeV:
m̂u  (1.73± 0.75) × 10−5, m̂c  (3.46± 0.43) × 10−3,
m̂d  (1.12± 0.007) × 10−3, m̂s  (2.32± 0.84) × 10−2. (17)
The values of the running quark masses at scale Q = mH± were 
calculated with the RunDec program [48]. Furthermore, the pa-
rameters δq can be determined with the help of the quark ﬂavour 
mixings. Now, in order to contrast our theoretical expression of 
the CKM matrix with the recent experimental data, via a χ2 ﬁt, 
we should give the theoretical expressions for the elements of the 
quark mixing matrix, which is obtained by the deﬁnition of VCKM:
VthCKM = UuU†d = Ou P(u−d)Od, (18)
where Ou,d are the real orthogonal matrices given in Eq. (13) and 
P(u−d) = diag [1, eiφ1 , ei(φ1+φ2)] with φ1 = φuc −φdc and φ2 = φub −φdb
(these phases are the difference between phases coming from the 
up- and down- mass matrices). Now, we make a χ2 ﬁt through 
the following function [44,49]:
χ2 =
∑
m=d,s,b
(∣∣V thum∣∣− |Vum|)2
σ 2Vum
+
(J thq −Jq)2
σ 2Jq
, (19)
where the terms with super-index “th” are given in Eq. (18) and 
the quantities without super-index are given by the experimental 
data with uncertainty σ 2Vkl [42]:
|Vud| = 0.97427± 0.00015, |Vus| = 0.2253± 0.007,
|Vub| = 0.00351± 0.00015, Jq = (2.96± 0.18) × 10−5. (20)
The CKM matrix, Eq. (18), has four free parameters φ1, φ2, δu and 
δd . But, in Ref. [44] it is shown that, if the quarks mass matrices are 
represented through a matrix with four-zero texture, the best val-
ues for the χ2 function are obtained when φ2 = 0 and for a large 
value of cosφ1. Therefore, without loss of generality, we perform a 
χ2 ﬁt with the following values for the phases given in Eq. (18): 
φ1 = π/2 and φ2 = 0 [43,44,46,49]. Then, the χ2 function has only 
two effective free parameters and the best values that we obtain 
for the free parameters δu and δd at 1σ are:
δu =
(
5.14+4.0−2.2
)
× 10−2, δd =
(
3.36+3.32−1.71
)
× 10−2. (21)
Furthermore, from the values for the quark mass ratios given 
above, the parameters of Eq. (21) and the moduli of the entries 
of the quark mixing matrix, we have at 1σ :∣∣∣V thCKM∣∣∣1σ
=
⎛⎜⎜⎝
0.97427± 0.00023 0.22533+0.0010−0.00096 0.00351+0.0072−0.00023
0.22520± 0.00100 0.97324+0.00058−0.00023 0.0458+0.0033−0.010
0.00894+0.0016−0.00069 0.0451
+0.048
−0.010 0.998944
+0.00042
−0.00016
⎞⎟⎟⎠
(22)
as well as the Jarlskog invariant with the value
J thq = (2.96± 0.28) × 10−5, (23)
which is in good agreement with experimental data [42]. Cor-
respondingly, the numerical values of the normalised symmetric 
mass matrices M̂d and M̂u given in Eq. (12), at 1σ , are:
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⎛⎜⎜⎜⎝
0
(
5.18+0.30−0.056
)
× 10−3 0
•
(
1.16+3.32−1.71
)
× 10−2 0.183+0.070−0.054
• • 0.966+0.018−0.033
⎞⎟⎟⎟⎠ , (24)
M̂u =
⎛⎜⎜⎜⎝
0
(
2.45+0.63−0.335
)
× 10−4 0
•
(
4.82+3.96−2.18
)
× 10−2 0.221+0.067−0.050
• • 0.949+0.022−0.040
⎞⎟⎟⎟⎠ . (25)
With these results we can establish a hierarchical four-zero tex-
ture ansatz for the quark mass matrices Mq , namely |Aq| >>
|B˜b|, |Bb|, |Cb|, which is not necessary imposed to the Yukawa ma-
trices Yq . However, when this ansatz and the additional criterion 
|Aqj |, mq3, mq2 >> mq1 for the Yukawa matrices are assumed, the 
coeﬃcients χ˜qj given in Eq. (16) have the same form as those 
reported in Ref. [32]. Note that, in our parameterisation, we do 
not consider any assumptions about the Yukawa matrices. How-
ever, since Eq. (16) is the same for both parameterisations, we can 
get the same structure of Yukawa couplings H± fui fd j and all phe-
nomenological consequences can be applied. Therefore, we obtain 
the same Lagrangian of the charged Higgs coupled with quarks 
given by [37]:
L f i f j H+ = −{
√
2
v
ui(mdj Xlj P R +mui Yij P L)d jH+ +H.c.}, (26)
with
Xij =
3∑
1
(VCKM)il
[
X
mdl
md j
δl j − f (X)√
2
√
mdl
md j
χdlj
]
, (27)
Yij =
3∑
1
[
Y δil − f (Y )√
2
√
mul
mui
χuil
]
(VCKM)l j, (28)
where χ fi j was introduced in Eq. (16), f (x) =
√
1− x2, the param-
eters X , Y are real and can be related to tanβ or cotβ , according 
to the model considered, namely 2HDM Type I, II, X and Y (see the 
analysis of Refs. [37,38]).
3. Fit of Yukawa matrices and the input parameters free from 
violating effects
In our model, we cannot assume that only the Standard Model 
W -exchanged charged current contributes to the observables used 
to determine the CKM entries, because the fermion-Higgs cou-
plings are not aligned with the fermion mass matrices and there 
are ﬂavour violating contributions coming from charged Higgs ex-
change. Then, we should guarantee that our model is free from 
ﬂavour violating effects that exceed the current bounds. In partic-
ular, meson-physics processes allow to determine several elements 
of the VCKM matrix. Some of those processes are very sensitive to 
charged Higgs boson exchange, like the leptonic decays B → τντ , 
D → μν , Ds → ν , the semileptonic transition B → Dτντ , the 
inclusive decay B → Xsγ , B0− B0 mixing, Bs → μ+μ− and the ra-
diative decay Z → bb¯, all of which are analysed in [37]. In order to 
obtain a parameter space consistent with the current experimental 
results, we use the main ﬂavour constraints and recent analysis 
of Ref. [37], in particular, for the off-diagonal terms of Yukawa 
texture given in Eq. (16), which leads to ﬂavour violating effects. 
Taking into account the analysis previously mentioned, we can as-
sume that the diagonal terms of the Yukawa texture take values of 
O (1) (this case has been studied and can avoid the ﬂavour physics constraints), then we can scan the parameters space of the model 
isolating the surviving off-diagonal terms of the Yukawa texture, 
obtaining a average range for (χ˜ fn )i j (i = j):
−0.06 ≤
(
χ˜dn
)
23
≤ 0.3, −0.3 ≤ (χ˜un )23 ≤ 0.5,
−0.1 ≤ (χ˜qn )13 ≤ 0.1. (29)
Moreover, perturbativity, electroweak and unitarity constraints are 
imposed [50]. Besides, the different scenarios with a small charged 
Higgs mass are consistent with the current measurements from 
ﬂavour and electroweak physics [37–39].
Now we proceed with the ﬁt to the Yukawa texture: by con-
sidering the quark mass ratios and the values of δu and δd given 
in Eq. (21), we compute the other values of the coeﬃcients 
(
χ˜qj
)
kl
for both quark sectors. Considering the free parameters 
(
χ˜
q
j
)
kl
to 
be real, the phases in Eq. (16) satisfy the conditions: ϕqbj = φqbj −φqb
= 0 and ϕqcj = φqcj −φqc = 0. Namely, we have an alignment between 
the phases of the mass matrix with the one of the Yukawa matri-
ces. Furthermore, the entries of the Yukawa matrices, right side of 
Eq. (7), normalised with respect to the heaviest quark, can be writ-
ten in terms of the parameters 
(
χ˜
q
j
)
kk
(k = 1, 2, 3). Hence, in order 
to ﬁnd the allowed regions for the free parameters 
(
χ˜
q
j
)
kk
, taking 
in account the inputs of Eq. (29), we deﬁne the χ2Mq function as:
χ2Mq =
∑3
k
[(
Mﬁtq
)
kk
−
(
Mthq
)
kk
]2
(
σ(Mq)kk
)2 + 12
∑3
k =l
[(
Mﬁtq
)
kl
−
(
Mthq
)
kl
]2
(
σ(Mq)kl
)2 , (30)
where the matrix Mﬁtq is given in Eq. (24) or (25), whereas the ex-
plicit form of Mthq is obtained from Eq. (7). The matrix M
th
q has 
nine free parameters while Mﬁtq has only four independent param-
eters for use in the respective χ2 ﬁt. So, we need to ﬁx at least 
ﬁve parameters of Mthq to obtain that the χ
2 function does not 
contain degrees of freedom, however, in this case we can only 
know the minimum value that the χ2 function takes. Thus, if 
we want to obtain an allowed region with a certain conﬁdence 
level, we must ﬁx at least six parameters of Mthq . In a previous 
discussion, we determined that the parameters more sensitive to 
ﬂavour violating effects are the off-diagonal terms of the Yukawa 
texture 
(
χ˜
q
n
)
i j (i = j), which have to be constrained. Therefore, 
in order to be consistent with the ﬂavour physics constraints re-
ported in [37–39], we eventually considered the allowed regions 
for the off-diagonal terms of the Yukawa texture given in Eq. (29). 
Then, the only free parameters in the function χ2
Mq
are 
(
χ˜
q
2
)
kk . 
We performed in fact several χ2 ﬁts, with tanβ = 2, 6, 15, 30 and 
90 GeV < mH± < 500 GeV, at 90% Conﬁdence Level (CL). All the 
results of the χ2-ﬁt of Yukawa matrices are consistent with the 
current experimental measurements of the elements of the VCKM
matrix. The average values of 
(
χ˜
q
2
)
kk parameters (k = 1, 2, 3) in the 
range 90 < mH± < 500 GeV, are shown in Table 1. These allowed 
regions for the diagonal terms of the Yukawa matrices are com-
plementary results to the studies of ﬂavour physics constraints in 
the 2HDM-III with a four-zero Yukawa texture, which clarify the 
usefulness of the ﬁt. Now we can isolate both diagonal and off-
diagonal terms of the Yukawa matrices with four-zero texture, by 
considering the ﬂavour physics constraints and the ﬁt presented 
here. The same permitted regions for parameters space at 90% CL 
are shown in Fig. 1.
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(
χ˜
q
2
)
kk parameters (k = 2, 3) considering tanβ = 2, 6, 15, 30, yellow, orange, green and black regions respectively. (For interpre-
tation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
Table 1
Average values of 
(
χ˜
q
2
)
kk parameters (k = 1, 2, 3) in the range 90 <mH± < 500 GeV, when the χ2-ﬁt of Yukawa matrices is implemented.
90 < μH+ < 500 GeV tanβ = 2 tanβ = 6 tanβ = 15 tanβ = 30(
χ˜u2
)
11 [−3.92,18] [0.22,18] [1.58,18] [3.76,18](
χ˜u2
)
22 [−4.42,17.72] [−1.50,17.68] [0.50,17.46] [2.84,16.24](
χ˜u2
)
33 [−0.84,1.98] [−0.04,1.68] [0.84,1.46] [1.06,7.2](
χ˜d2
)
11 [−2.74,18] [0.24,18] [3.6,18] [5.78,18](
χ˜d2
)
22 [−2.66,18.4] [0.82,18.32] [2.3,17] [4.7,15.72](
χ˜d2
)
33 [−7.68,4.22] [−2.28,2.44] [−0.45,1.38] [0.02,1.0]
χ2u
(
χ2d
)
1 (0.21) 1.17 (0.30) 1.26 (0.50) 1.38 (0.78)4. Conclusions
In conclusion, we have presented the correlations between the 
Yukawa matrices in the framework of the 2HDM, originating from 
a four-zero Yukawa texture, and the current data on the CKM ma-
trix through a χ2 ﬁt. Firstly, we presented the diagonalisation of 
the Yukawa matrices, eventually showing that the Cheng and Sher 
ansatz is a particular case of our general study. Secondly, we have 
performed a numerical analysis via a χ2 ﬁt to the Yukawa ma-
trices with respect to the measured entries of the CKM matrix. 
As a consequence, we have obtained bounds for the parameters 
of the Yukawa texture, in particular for its diagonal terms. We 
have obtained results that are in complete agreement with the 
bounds obtained in our previous work in which we studied the 
ﬂavour-violating constraints. As an outlook, we deem our current 
parameterisation a more easily implementable one with respect to 
our previous ones, thus we recommend its use for numerical anal-
yses.
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